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AUTOMATIC PRESSURE CONTROL AND
LEAKAGE DETECYTOR

Trving T. Swain, Winston-Salem, N. C., assignor to West-
ern Electric Company, Incorporated, New York, N. Y.,
-a corporation of New York

Application July 11, 1951, Serial No. 236,178
9 Claims. (Cl. 73—49.2)

‘This .invention relates to an apparatus and means for
testing :closed ‘vessels for leaks or tightness to fuids under
pressure, and more particularly to a unitary device having
a fluid pressure source and pressure sensitive indicator,
which device is placed .entirely within a closed vessel to
determine ‘the tightness ‘thereof against fluid pressure
leaks.

Fermerly, the -only methods .of pressure testing closed
vessels for tightness or leaks required a valve connection
1into the wvessel under test which was used to admit air
under pressure into the interior .of the vessel so that the
presence or absence of leaks could be determined by
various visual tests or by observing a decrease in the
pressure of ‘the source of air under pressure oence the
vessel under test had been completely filled. The visual
test in ‘which the «closed vessel under test is submerged in
a flvid medinm so that the operator can see bubbles indi-
cating :a leak is manifestly unsatisfactory for use with
large wvessels because of the size and amount -of equip-
ment mecessary, and because of the human error involved
in personal visual observation of the rather minute
bubbles produced by small leaks. The use -of a method
involving observation -of ‘the variations in pressure of ‘the
source of compressed dir :applied to ithe vessel under test
is‘undersirable because -of the leaks inherent in the inter-
connection -of 'the vessel under test with the source of
fluid wnder pressure.

Accordingly, an :object :of this invention is to provide

a unmitary leak detecting apparatus including a source of
fluid under pressure which may be placed within the
vessel to be tested to determine the presence of leaks
in the vessel after closure thereof. Amother object -of
the invention is to provide :a' method for pressure test-
ing -closed vessels for leaks which consists in placing the
pressure applying and detecting apparatus entirely within
such a-closed vessel nnder test to avoid errors in testing
due to faulty interconnection between the vessel under
testand the ioutside source .of fluid under pressure.
- In accordance with these and other -objects, one em-
bodiment of the invention consists -of an apparatus having
two chambers ‘which are interconnected by an extensible
pressure-sensitive - diaphragm movable ‘in response to a
pressure -differential ‘between the two chambers to actu-
ate both a signalling circuit and an €lectrically operated
valve. One of the chambers is filled with air under a
standard pressure and the other chamber is in communi-
cation with the ambient pressure of the air in the interior
of the vessel under test. A source of air under high pres-
sure is controlled by the electrically operated valve so that
the valve and source conjointly maintain the air pressure
within the vessel at a predetermined level after the vessel
is tightly closed. The signalling circuit controlled by
the movable diaphragm indicates a decrease in pressure
within the vessel as a determination of the presence of
leaks therein.

Many other objects and advantages of the means and
apparatus will be apparent from a consideration of ‘the
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following specification in conjunction with the drawings
wher€in:

Fig. 1 1s a cross-sectional view of an apparatus embody-
ing the invention;

‘Fig, 2 is a schematic of ‘a .contrel circuit including a
signalling means for the apparatus shown in Fig. 1;

"~ Fig. 3 is a cross-sectional view ‘taken along Tine 3—3
in Fig. 1 showing a unitary control device including two
air valves and -an electrical switch;

TFigs. 4, 5 and ‘6 are cross-sectional views of the com-
bined two air valves and electrical switch in a testing
‘position;

Figs. 7, 8 and 9 are cross-sectional views of the com-
‘bined air valves and switch in a position for exhausting air
from the apparatus; and

Figs. 10, 11 :and 12 -are cross-sectional views -of ‘the
combined wair 'valves ‘and electrical switch in a position
for calibrating ‘the apparatus.

Referring mow to the :drawings, wherein like reference
numbers designate the same elements throughout the
several views, and more particularly to Fig. 1, a pres:
sure tight receptacle 20 is divided into two chambers 21
and 22 by a'wall 23 having an annular opening 24 there-
in. A petcock 25 is secured in an upper wall of cham-
ber 21 for equalizing the air pressure within chamber
21 and tie ambient pressure of the :external -atmosphere
surrounding the receptacle 20.

A cylindrical :extensible diaphragm 26 which covers
the opening 24 in wall 23 moves either to ithe right or to
the left in Fig. 1 in response to a pressure différential
between -the chambers 21 and 22 and a round plate 27
having -an internally threaded boss is secured ‘at one end
to the diaphragm.26:and the boss of plate 27 is engaged by
a threaded member 28 having a slot 29 formed in ‘one
end thereof. A rod 30 having a knurled knob 40 at one
end thereof extends into chamber 22 through a pressure
tight seal .comprising a cover cap 41 and a washer 42 o
engage a cylindrical .opening 43 in the threaded member
28. A dowel 44 secured to -one end of rod 30 engages
the slot 29 so that rotary motion imparted to rod 39 is
transmitted to threaded member 28; however, the rod 30
and member 28 are free to move relative to each other in
translatory movement with the dowel 44 moving longi-
tudinally in the slot 29 to provide a means for guiding the
relative movement of the member and the rod. A switch
arm 45 is pivotally. mounted to :a microswitch 46 which is
secured to the bottom wall of chamber 22. The upstand-
ing portion of the switch arm 45 is in alignment with a
shouldered portion 47 of the member 28 so that move-
ment of the member 28 to the left of Fig. 1 will rock the
switch arm 45 about its pivot to move a switch actuating
lever 48 of the microswitch 46. A pressure gauge 49 is
secured to an upper wall of the receptacle 20 and is in
fluid communication with the chamber 22 so as to indi-
cate the fluid pressure therein.

Amn electric and pneumatic control device, indicated
generally as 50 in Fig. 3, is secured within the chamber
22 with a control shaft 51 thereof extending through a
valve block 68 and through a wall of the receptacle 20
to engage a control knob 52 (Figs. 1 and 3). The control
device 50 also includes an electrical selector switch 53
secured to one end of the control shaft 51 and two pneu-
matic valve sections 54 and 55. Valve section 54 (Figs.
3, 6, 9 and 12) has a cylindrical bore 56 in the control
shaft 51 and a pair of orifices 57 and 58. The orifice 58
is in fluid communication with the interior of chamber 22,
and the orifice 57 is in fluid communication with the fluid
medium surrounding the receptacle 20 through an open-
ing 59 in the wall of receptacle 20. The valve section 55
is provided with a right angle bore 70 in the control shaft
51 and a plurality of orifices' 71, 72, 73 and 74. The
orifices 71 and 73 are in fluid communication with the
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interior of chamber 22, and orifice 74 is connected to the
fluid medium surrounding the receptacle 20 by an opening
75 in the wall of the receptacle 20. Orifice 72 is inter-
connected with a compressed air tank 76 (Fig. 1) by
means of a T-valve 77 which is connected to a projecting
portion 78 on receptacle 20 and a similar projecting por-
tion 79 on compressed air tank 76. A knob 80 connected
to a valve on the tank 76 controls the emission of air.

The selector switch 53 (Figs. 3, 5, 8 and 11) includes
a rotatable center section 20 having a conducting portion
91 on the outer periphery thereof which serves to selec-
tively interconnect a plurality of contacts 92, 23 and 94
(Fig. 2). Since the bores 56 and 70 and the rotatable
center section 90 of the electric selector switch 53 are
simultaneously moved by manual rotation of the control
knob 52, it is possible to quickly set the control device
50 for any of three desired conditions.

A valve gate 95 (Fig. 1) which is slidable within a
cylindrical bore 96 of the T-valve 77 is secured to an
operating rod 97, the other end of which is secured to
an armature 98 of a solenoid 99 having two windings 100
and 101. In Fig. i, the armature 98 is shown in a posi-
tion produced by the energization of winding 106. The
energization of winding 101 moves armature 98 to the
right so that the valve gate 95 is interposed between the
orifice 72 (Fig. 3) and the compressed air tank 76. A
bridging conductor 102 is secured to the operating rod 97
so as to interconnect either of two pairs of contacts 193,
104 or 105, 106. The pair of contacts 104, 106 are
secured to a dielectric plate 107 which is supported by the
T-valve 77.

An electric lamp 108 and a bell 109 are secured to an
end wall of the receptacle 26 to provide both visible and
audible signalling means.

Referring now to Fig. 2 of the drawings wherein is
shown an electric control circuit for the leak detecting
apparatus, a battery 110 is selectively connected to either
of the windings 100 or 101 of the solenoid 99 by a circuit
including switch 120, conductor 121, either winding 100
or 101, contacts 103, 184 or 185, 166, conductor 122 or
123, contact 124 or 125, switch arm 126 and thence
through conductor 127 to the battery 110. When micro-
switch 46 is in its normal position shown in Fig. 2, either
the lamp 108 or the bell 109 may be energized through
a circuit comprising battery 118, switch 120, conductor
128, contacts 92 or 94 and 93, conductors 129 and 123,
contact 125, switch arm 126, and thence through con-
ductor 127 back to battery 110. The determination of
whether the light 108 or the bell 109 is to be energized

is determined by the positions of selector switch 53 and :

conducting portion 91.

In operation, petcock 25 is opened to equalize the air
pressure within the chamber 21 and that of the fluid
medium surrounding receptacle 20. The control knob 52

is then rotated so that an indicator line 130 on this knob :

is aligned with “E” on the receptacle 20 (Fig. 1). In
this position, the electrical selector switch 53 and the valve
sections 54 and 55 have been moved to the positions shown
in Figs. 7, 8 and 9. In valve section 55, the bore 70
interconnects the interior of chamber 22 with the fluid
medium surrounding the receptacle 20 so that the pres-
sure within the chamber 22 is equal to the ambient pres-
sure of the fluid medium surrounding receptacle 20 and,
consequently, equal to the pressure within chamber 21.
Since the bore 56 of the valve section 54 is in a vertical
position, there is no interconnection between the orifices
57 and 58. Also, in this position the conducting portion
91 of the rotatable section of selector switch 53 does not
interconnect any of the plurality of contacts 92, 93, and
94. The petcock 25 is then closed by the operator to
seal off chamber 21 from' the ambient pressure of the
surrounding fluid medium.

The operator next rotates control knob 52 so that the
indicator line 130 thereon is in alignment with the letters
“SET” (Fig. 1). In this position the valve sections 54
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and 55 and the electric selector switch 53 are moved into
the relationship shown in Figs. 10, 11 and 12. In this
position, the bore 70 interconnects orifices 72 and 73, and
the conducting portion 91 interconnects contacts 92 and
93. Next, the operator closes the switch 120 (Fig. 2) so
that electric lamp 108 is energized through a circuit com-
prising battery 110, switch 120, conductor 128, lamp 108,
contact 92, conducting portion 91, contact 93, conductors
129, 123, contact 125, switch arm 126 and thence through
conductor 127 back to battery 110 to light the lamp.
Also, the closure of switch 120 energizes winding 100 of
solenoid 99 through a circuit extending from battery 110
through switch 120, conductor 121, contacts 105, 106,
conductor 123, contact 125, switch arm 126 and con-
ductor 127. Energization of winding 100 moves the
armature 98 into the position shown in Fig. 1 to move
valve gate 95 so that compressed air tank 76 is placed
in fluid communication with orifice 72 and, accordingly,
in communication with the interior of chamber 22. This
movement of armature 98 also moves conductor 102 from
between contacts 105, 106 to break the circuit energizing
winding 100.

The operator then manually rotates knob 40 in a coun-
terclockwise direction until further movement is no longer
possible. At this time the slotted end of member 28 is
moved into engagement with the side wall of receptacle
20. Knob 80 is now rotated to open the compressed air
valve on the compressed air tank 76 so that air under
pressure flows from this tank into chamber 22. The
operator allows this compressed air to flow into chamber
22 until the air pressure gauge 49 indicates a predeter-
mined air pressure within chamber 22. At this time knob
80 is rotated to shut off the flow of air from tank 76.

The knob 40 is then manually rotated in a clockwise
direction until such time as the shouldered portion 47 of
bolt 28 engages switch arm 45 to rotate the arm about its
pivot, thus depressing lever 48 to move switch arm 126
(Fig. 2). This movement of switch arm 126 breaks the
circuit energizing the lamp 108 through contact 125,
and also closes a circuit through contact 124 to energize
winding 101 of solenoid 99 through conductor 122, con-
tacts 103, 104, conductor 121 and through switch 120 to
battery 110. Energization of winding 101 moves the
armature 98 fo the right in Fig. 1 so that valve gate 95
is interposed between compressed air tank 76 and orifice
72 (Fig. 3). This movement of armature 98 breaks the
circuit energizing winding 101 by moving contact 102 to
interconnect contacts 105 and 106. :

At this time, the apparatus is adjusted so that a de-
crease in the pressure of the air within chamber 22 below
the predetermined pressure observed by the operator on
pressure gauge 49 will move the diaphragm 26 to the right
as viewed in Fig. 1 with the consequence that arm 45 will
be pivoted to return microswitch 46 to its normal un-
actuated position. Switch 129 is then opened.

To test a closed vessel, the operator turns control
knob 52 until the indicator line 130 is in alignment with
the position marked “TEST” as shown in Fig. 1 and at
which time the valve sections 54 and 55 and the electrical
selector switch 53 are positioned as shown in Figs. 4, 5
and 6. Knob 80 is manually rotated to open the valve
in air tank 76 and the unitary apparatus is placed within
a vessel to be tested.  The switch 120 is then closed.
Since valve section 54 in the position shown in Fig. 6
interconnects chamber 22 with the interior of the vessel
under test, the air pressure in chamber 22 is decreased
below the predetermined pressure necessary to maintain
diaphragm 26 in its previously adjusted position.

Accordingly, diaphragm 26 moves to the right as shown
in Fig. 1 so that the shouldered portion 47 of bolt 28 is
moved out of engagement with the pivoted arm 45. - The
release of arm 45 permits switch arm 126 to return to
its normal position whereby a circuit is completed from
battery 110 through switch 120, conductor 128, the wind-
ing of electric bell 109, contact 94, conducting portion

o
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91 eonitatt 93, conductors 123, 129, contact 125, sw1tch
ari 126 aid throtigh condictor 127 to bat‘ter
Thls Eirciit operates bell 109 to indicate audibly that the

pressure i chamber 22 is below the predetermmed level

ture 98 to the Teft as viewed in F1g 1.
arfriatu ¢ 98 moves valve gaté 95 to Open valve -7’7 50
} inder presstite from. taiik 76 Hows through valve
77 orific 72 (Fl"’ 4) b’ & 70, orifice 74, and thence
O P i of the vessel under
test. The véisal is then qiickly closed #nd the &orn:
pressed air from tank 76 increases the pressure of the air
confined within the vessel under test.

If no leaks #re present, the inciease in the pressure
i the interior of the vessel under fest also increases the
préssuré within chamber 22 through valve section 54
whereby digphragm 26 is moved. to the left in Fig: 1.
This movement of diaphragm 26 moves shouldered por-
tion 47 intdé engagement with pivoted arm 45 6 that
sWwitch 'army 126 is moved out of engagément With ¢ofi-
tact 125 and into engagement with cofitact 124. This
movement of switch arm 126 breaks the circuit energiz-
ing the bell 109 so that fhe cessation of the ringing indi-
¢ates - that ‘the predetermined test piéssure has been
reached. This movement of switch arm 126 also com-
pletes the circuit through contact 124 and contacts 103
and 104 to energize winding 101 of solenoid 99 so that
valve gate 95 is once again interposed between the tank
76 and the interior of the vessel under test. If the vessel
under test remains pressure tight, the tank 76 remains
out of communication with the interior of the vessel and
the audible alarm 109 remains silent.

However, leaks in the vessel under test produce a de-
crease in the pressure of the air in both chamber 22 and
the interior of the vessel under test so that diaphragm
26 is once again moved to the right in Fig. 1 by the
pressure differential to open valve 77 and operate bell
109 as an indication of a leak. The above cycle of opera-
tion is repeated until the operator has closed all of the
leaks in the vessel and closures.

The operator, upon completion of the test, opens the
vessel, closes the valve on tank 76, and removes the test-
ing apparatus which may be conditioned for use in test-
ing another air tight container in the manner described
above.

It is to be understood that the apparatus described is
merely one embodiment of the invention and that nu-
merous other modifications may be devised by those
skilled in the art which will fall within the spirit and
scope of the principles of this invention.

What is claimed is:

1. A unitary portable apparatus adapted to be placed
within a closed vessel for determining leaks therein com-
prising means for maintaining a fluid within the vessel at
a predetermined pressure other than atmospheric, means
positioned entirely within the vessel for detecting a differ-
ential between the atmospheric pressure and the pressure
within the vessel, and means within the closed vessel and
controlied by the detecting means for indicating a pres-
sure differential between the atmosphere and the fluid
within the vessel which is less than a predetermined value
as a determination of the presence of leaks in the closed
vessel under test.

2. A unitary portable apparatus adapted to be placed
entirely within a closed vessel for determining leaks
therein comprising a pressure tight receptacle having a
standard pressure chamber and an ambient pressure
chamber open to the pressure of the fiuid in the vessel
under test, an extensible diaphragm interconnecting the
standard and the ambient pressure chambers, a control
means secured to the receptacle and actuated by move-
ment of the extensible diaphragm due to a pressure
differential between the standard and the ambient cham-
bers, means secured to the diaphragm for varying the
amount of movement needed to actuate the control
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means, a sotrce of fluid pressure, valve means. intefcon:
necting the fluid source with the ambient pressure cham-
bér and the interior of the vessel tinder test, said valve
means bemg electrrcally connected to and. controlled by
said control means, and means operated by said control
means upon movemeént of said diaphragm for indicating
a leak 1h said vessel.

3. A portable apparatus adapted to be placed entrrely
within closed vessels for defermining tlghtness thereof
comprising a feceptacle havmg a first and a second cham-
ber thérein, said first chamber being filled with a fluid
medium’ under a predetermmed pressure and said second
chamber open to pressure of the vessel under test, pres-
sure responsive medns mterposed betweed. the first and
the second chambers and movable in response to a pres-
sure differential therebetween, a source" of fluid medium
under pressure, valve means 1nterc0nnect1ng the second
chamber and the source of fluid medium with the ‘vessel
under test, means actuated by a movement of the pres-
sure responsive means to control the opening and closmg
of .the valve means, and means controlled by said actu:
ated means for mdlcatlng aleak in said vessel.

4. A portable apparatus adapted to be positioned w1th-
in closed vessels for ascertaining leaks therein comprising
4 -pressure tlght receptacle having a standard pressure
chamber and an ambient pressure chamber open to the
pressure of the fluid in the vessel under test, a pressure
sensitive means interconnecting the standard and the am-
bient chambers, a source of fluid medium under pressure,
valve means responsive. to movement of the pressure sen-
sitive means for controlling the flow of fluid medium to
the ambient pressure chamber and the interior of the
closed vessel under test, and means responsive to move-
ment of said pressure sensitive means for indicating a
leak in said vessel.

5. An apparatus for testing closed vessels for leaks
comprising a pressure tight receptacle having a first and
a second chamber therein, said first chamber being filled
with a fluid medium under a predetermined pressure, a
pressure sensitive means in communication with the first
and the second chambers and responsive to a fluid pres-
sure differential therebetween, a source of fluid medium
under pressure, a first valve means connected to the fiuid
medium source, a second valve means interconnecting
the first valve means and the second chamber with the
interior of the vessel under test, and means controlled
by the movement of the pressure responsive means to
close the first valve means when the pressure differential
between the first and the second chambers exceeds a pre-
determined value.

6. A portable apparatus adapted to be placed within
a sealed vessel to be tested for leaks comprising a recep-
tacle having two chambers therein, a flexible diaphragm
interconnecting the two chambers and movable in re-
sponse to a pressure differential therebetween, electrical
switching means operated by a predetermined movement
of the diaphragm, audible alarm means controlled by
said switching means, a source of fluid under pressure
secured to the receptacle, and control means for intercon-
necting the source of fluid under pressure and one of the
chambers with the fluid surrounding the receptacle and
simultaneously therewith interconnecting the electrical
switching means with the audible alarm.

7. In a portable apparatus adapted to be placed entirely
within a sealed vessel to be tested, a first chamber filled
with air under a predetermined pressure, a second cham-
ber open to the ambient pressure of the air in the vessel
under test, an extensible pressure sensitive diaphragm
interconnected between the said chambers and workable
in response to a pressure differential between the two
chambers, a source of air under pressure, an electrically
operated valve for emitting air under pressure from the
said source into the sealed vessel to maintain the air pres-
sure therein to a predetermined level, and electrically
controlled signalling means actuated by the said dia-
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phragm to indicate a decrease in pressure within the ves-
sel when a leak occurs.

8. In a portable apparatus adapted to be. placed inside
a closed container to determine leaks therein, a pressure
tight receptacle having two chambers, a valve in one of
the chambers for equalizing the air pressure within this
chamber and the ambient pressure of the atmosphere in
the container under test, an extensible diaphragm inter-
connecting the two chambers, means extending through
the second chamber for manually extending the said dia-
phragm, a switch positioned in the second chamber and
actuated by said means when in a predetermined position,
an electric and pneumatic control device having valves
for controlling the emission of compressed air from the
said tank into the container under test, electrical means
for controlling the said valves, said control device also
having an electrical selector switch, means for manually
setting the control device to test the container which is
then sealed after such setting, and electrical signalling
means connected to the said electrical means and the
said selector switch and actuated by the said switch posi-
tioned in the secand: chamber upon movement of the
diaphragm to indicate " ‘when the contajner under test is
defective,

9. In a portable apparatus adapted to be placed entirely
within a sealed vessel to be tested, a chamber filled with
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air under a predetermined pressure, an extensible, pres-
sure-sensitive diaphragm secured in the chamber and
operable in response to a pressure differential between
the fluid in the chamber and the ambient fluid in the
closed vessel, a source of fluid under pressure, an electri-
cally operated valve for emitting fluid ‘under pressure
from said source into the sealed vessel to maintain the
fluid pressure therein to a predetermined pressure which
is different than that of the surrounding atmosphere, and
an electrically controlled signalling means actuated by
operating the said diaphragm to indicate a decrease 1n
pressure within the vessel when a leak occurs. ~
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